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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material having a good cycle 
characteristic and safety by mixing a lithium-nickel 

composite oxide with a lithium-manganese composite |_ i; K i I tii li O t | 

oxide. 

SOLUTION: This positive electrode active material for a 
lithium secondary battery is formed by mixing and 
crushing a lithium-nickel composite oxide expressed by 
formula I and a lithium-manganese composite oxide 
expressed by formula II by the use of a ball mill or the 
like. In the formulas, M1 and M2 are one or more kinds of 
metal elements within Al, B f alkaline metal, alkaline earth 
metal and transition metal, and 0<x<0.3 and 0<y<0.3 are 

satisfied. When the mixture is of 100 wt.%, the content of l 1 M n 2 ,rM2/ Q± n 

the lithium-nickel composite oxide is preferably 10-80 

wt.%. By individually substituting the Ni site of the 

crystalline structure of the lithium-nickel composite 

oxide and the Mn site of the lithium-manganese 

composite oxide with another element, the crystalline 

structure can be stabilized. Thereby, the positive electrode active material, capable of 
constituting the inexpensive lithium secondary battery having good discharge capacity and a 
good cycle characteristic, can be provided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Empirical formula LiNi^MI x 0 2 (M1) Lithium nickel complex oxide expressed with at 

least one or more sorts of metallic element:0<x<0.3 among elements of aluminum, B, an alkaline 
metal, alkaline-earth metals, and a transition metal, Empirical formula LiMn 2 _ y M2 y 0 4 (M2) 

Positive active material for lithium secondary batteries which mixes a lithium manganese multiple 
oxide expressed with at least one or more sorts of metallic element:0<y<0.3 among elements of 
aluminum, B, an alkaline metal, alkaline-earth metals, and a transition metal. 
[Claim 2]The positive active material for lithium secondary batteries according to claim 1 which 
is less than more than 10wt%80wt% when the mixing ratio of said lithium nickel complex oxide 
makes 100wt% the sum total of this lithium nickel complex oxide and said lithium manganese 
multiple oxide. 

[Claim 3]Empirical formula LiNi 1 _ x M1 x 0 2 (M1) Lithium nickel complex oxide expressed with at 

least one or more sorts of metallic element:0<x<0.3 among elements of aluminum, B, an alkaline 
metal, alkaline-earth metals, and a transition metal, Empirical formula LiMn 2 _ y M2 y 0 4 (M2) A 

lithium secondary battery using positive active material which mixes a lithium manganese multiple 
oxide expressed with at least one or more sorts of metallic element:0<y<0.3 among elements of 
aluminum, B, an alkaline metal, alkaline-earth metals, and a transition metal. 

[Claim 4]The lithium secondary battery according to claim 3 which is less than more than 10wt% 
80wt% when the mixing ratio of said lithium nickel complex oxide makes 1 00wt% the sum total of 
this lithium nickel complex oxide and said lithium manganese multiple oxide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the lithium secondary battery using this positive 
active material, concerning the positive active material which can constitute the lithium 
secondary battery using the occlusion and the discharge phenomenon of the lithium ion. 
[0002] 

[Description of the Prior ArtjSince the lithium secondary battery using the occlusion and the 
discharge phenomenon of the lithium ion is high energy density, with the miniaturization of a 
cellular phone in recent years, a video camcorder, a notebook computer, etc., in the field of 
communication equipment, an information related equipment, etc., it is already put in practical 
use and has come to spread widely. By one side, while development of an electromobile and a 
hybrid electric vehicle is hurried also in the field of a car from an environmental problem and a 
resources problem, the expectation for adopting a lithium secondary battery is growing as power 
supplies for a drive, such as these electromobiles. 

[0003]However, when adopting as a power supply of an electromobile etc., the different 
characteristic from the case of the use to communication equipment, an information related 
equipment, etc. is required of a lithium secondary battery. One of them is a cheap thing. In order 
that the rechargeable battery may use a quite large-sized thing in the case of the power supply 
for cars, a lot of active materials are needed. Therefore, a cheap thing must be used for an 
active material, especially positive active material. In the case of the rechargeable battery for 
electromobiles, in order also to have to assume the case where outdoor neglect of the car is 
carried out, at the time of elevated-temperature use, the small thing of charge-and-discharge 
cycle degradation is required. Since a cell is enlarged, to be high also about the safety of the cell 
itself is demanded further again. 

[0004]Now as positive active material which can constitute a 4V class lithium secondary battery 
A regular arrangement stratified halite structure lithium cobalt multiple oxide (LiCo0 2 ), It 

considers using regular arrangement stratified halite structure lithium nickel complex oxide 
(LiNi0 2 ), a Spinel structure lithium manganese multiple oxide (LiMn 2 0 4 ), etc. Also in this, LiCo0 2 

is easy to compound and serves as positive active material which constitutes the present 
mainstream from **** called fitness (service capacity is a stake to degradation also by the 
charge and discharge repeated) in a cycle characteristic. However, cobalt which is a composing 
element of LiCo0 2 , It is few as resource quantity, and since it is a very expensive element, in the 

case of the use as a power supply for electromobiles which must use a lot of active materials, 
the lithium secondary battery which used LiCo0 2 for positive active material will never become 
practical. 

[0005]Although it has theoretical capacity almost comparable as LiCo0 2 , LiNi0 2 is expected as 

next noncommercial use lithium secondary battery positive active material, since occlusion and 
discharge of more lithium ions are possible, when actually constituted as a lithium cell. However, 
the cell reaction of LiNi0 2 is activity very much. 
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The calorific value in a cell reaction is also large, and when a rechargeable battery is constituted 
only from LiNi0 2 , it is inferior to safety also with danger, such as ignition and a burst of a cell. 

In price, although it is cheaper than LiCo0 2 , it still is not so cheap as LiMn 2 0 4 . 

[0006]LiMn 2 O 4 is the cheapest in these. 

When making a large-sized rechargeable battery constitute, it can become very advantageous 
positive active material. 

However, service capacity falls by the charge and discharge repeated, and it cannot be said 
about a cycle characteristic that it is good. Under the elevated temperature which especially a 
cell reaction activates, this cycle characteristic will get worse further. 
[0007]Until now, the trial in which the characteristic as active materials, such as a cycle 
characteristic, is improved is made by a means for other elements to replace the element to 
compose or to embellish a particle surface about each of LiNi0 2 and LiMn 2 0 4 . However, although 

a certain amount of characteristic improvement effect can be expected when means, such as 
element substitution and surface ornamentation, are used, Even if it used independently LiNi0 2 

or LiMn 2 0 4 which performed this element substitution and surface ornamentation, it could not 

become a practical lithium secondary battery. 

[0008]On the other hand, also making the characteristic as positive active material improve is 
considered by mixing the lithium multiple oxide of various sorts. About this means, for example to 
JP,9-320640,A. positive active material — " — or [ that it is independent in general formula 
LiMO 2 or LiM 2 0 4 (one or more sorts among / However, M / cobalt, manganese, nickel, and 

iron) ] — or the proposal of using lithium content multiple oxide" to mix is made. However, in 
addition to there being no statement of concrete mixing requirements, it does not clarify about 
the effect of making it mix, either, this invention person has acquired knowledge by the time it 
acquires a practical cycle characteristic, that it will not result in the positive active material 
which only mixed LiNi0 2 and LiMn 2 0 4 . 

[0009] 

[Problem(s) to be Solved by the Invention]This invention is made that the problem which the 
above-mentioned conventional positive active material for lithium secondary batteries has should 
be solved. That is, this invention is replacing the composing element by other elements about 
LiNi0 2 and LiMn 2 0 4 , It aims at having a good cycle characteristic and safety by mixing so that 

the characteristic improvement as active material materials, such as crystal structure 
stabilization, may be aimed at, and both strong point may be harnessed further and a fault may 
be compensated mutually, and providing the cheap positive active material for lithium secondary 
batteries. 
[0010] 

[Means for Solving the Problem]Positive active material for lithium secondary batteries of this 
invention is empirical formula LiNi^MI x 0 2 (M1). Lithium nickel complex oxide expressed with 

at least one or more sorts of metallic element:0<x<0.3 among elements of aluminum, B, an 
alkaline metal, alkaline-earth metals, and a transition metal, A lithium manganese multiple oxide 
expressed with empirical formula LiMn 2 _ y M2 y 0 4 (M2 is at least one or more sorts of metallic 

element:0<y<0.3 among elements of aluminum, B, an alkaline metal, alkaline-earth metals, and a 
transition metal) is mixed. 

[0011]That is, positive active material for lithium secondary batteries of this invention, Service 
capacity is large and Lithium nickel complex oxide of stratified halite structure of a cycle 
characteristic of being comparatively good, Safety is high, a lithium manganese multiple oxide of 
Spinel structure of being very cheap is mixed, it mixes in order to harness these both strong 
point, and the characteristic of positive active material is improved. And stabilization of a crystal 
structure, etc. are attained by replacing a Mn site for nickel site [ in / lithium nickel complex 
oxide / a crystal structure ] with other elements about a lithium manganese multiple oxide as a 
premise among two sorts of lithium multiple oxides to mix. By having considered it as such 
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positive active material, positive active material for lithium secondary batteries of this invention 
has practical service capacity and a good cycle characteristic, and turns into positive active 
material which is excellent in safety and can constitute a cheap lithium secondary battery. 
Therefore, a lithium secondary battery of this invention using this positive active material has 
practical service capacity and a good cycle characteristic, and it excels in safety and it will 
become cheap. 
[0012] 

[Embodiment of the Invention]The embodiment of a lithium secondary battery which used the 
positive active material for lithium secondary batteries and this positive active material of this 
invention for the anode is described below. 

<LiNi 1 _ x M1 x 0 2 > the 1st substance that constitutes the positive active material for lithium 

secondary batteries of this invention. It is lithium nickel complex oxide expressed with empirical 
formula LiNi 1 _ x M1 x 0 2 (M1 is at least one or more sorts of metallic element:0<x<0.3 among the 

elements of aluminum, B, an alkaline metal, alkaline-earth metals, and a transition metal). Since it 
says that this LiNi^MI x 0 2 could constitute the 4V class lithium secondary battery, and its 

crystal structure is stable, it is desirable to use the thing of regular arrangement stratified halite 
structure. 

[0013]LiNi 1 _ x M1 x 0 2 uses LiNi0 2 as a base and makes the other elements M1 replace nickel site 

in a crystal for the purpose of the characteristic improvement as an active material. M1 is 
employable out of the element of aluminum, B, an alkaline metal, alkaline-earth metals, and a 
transition metal, it is independent about any one sort, or two or more sorts of things may be 
used for it. The purpose of the substitution of nickel site is roughly divided and there are two. 
One of them calls it control of battery characteristic degradation under hot environments, and it 
is desirable for this purpose to use Co, Mn, etc. for M1. Especially, since there is an advantage of 
it being replaced easily and being easy to compound in Co, if this is taken into consideration, it is 
more desirable to use Co for Ml. Another purpose calls it the thermal stability improvement in 
an active material, and it is desirable for this purpose to use aluminum, B, Fe, Cr, Mg, etc. for Ml. 
Since there is an advantage of being cheap in aluminum, especially, it is more desirable to use 
aluminum, if this is taken into consideration. 

[0014]The substitution rate of Ml, i.e., the value of x in an empirical formula, is set to 0< x<0.3. 
In the case of x>=0.3, capacity may decrease, and crystallinity may fall [ this ]. For example, 
when using what is expressed with empirical formula LiNi 1 _ x1 _ x2 Co x1 aluminum x2 0 2 for the reason 

mentioned above, it is desirable to be referred to as 0<x1<0.2 and 0<x2<0.1.It is because the 
capacity per active material falls in the case of x1 >=0.2, an unreacted material will remain in the 
case of x2>=0.1 or crystallinity will fall undesirably. 

[0015]LiNi 1-x M1 x 0 2 can roughly be divided and can be compounded with a solid phase 

technique and a liquid phase process. When based on a solid phase technique, it can compound 
by mixing Li raw material, nickel raw material, and a raw material including the above M1 by dry 
type or a wet type, and calcinating at the temperature of about 700-900 ** in oxygen, nitrogen, 
or the atmosphere. For example, in compounding what is expressed with above empirical formula 
LiNi Hxl ^ x2 Co x1 aluminum x2 0 2 .What mixed LiOH, nickel(OH) 2 , and Co 2 0 3 and aluminum 2 0 3 to 

Li:nickel:Co:aluminum=1:1-x1-x2:x1:x2 is compoundable by calcinating for 8 hours under the 
temperature of 800 ** among oxygen environment. 

[0016]<LiMn 2 _ y M2 y 0 4 > the 2nd substance that constitutes the positive active material for 

lithium secondary batteries of this invention, It is a lithium manganese multiple oxide expressed 
with empirical formula LiMn 2 _ y M2 y 0 4 (M2 is at least one or more sorts of metallic 

element:0<y<0.3 among the elements of aluminum, B, an alkaline metal, alkaline-earth metals, and 
a transition metal). Since it says that this LiMn 2 _ y M2 y 0 4 could constitute the 4V class lithium 

secondary battery, and its crystal structure is stable, it is desirable to use the thing of regular 
arrangement stratified halite structure. 
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[0017]LiMn 2 _ y M2 y 0 4 uses cheap LiMn 2 0 4 as a base, and makes the other elements M2 replace 

the Mn site in a crystal for the purpose of stabilization of a crystal structure in active material 
material. M2 is employable out of the element of aluminum, B, an alkaline metal, alkaline-earth 
metals, and a transition metal, it is independent about any one sort, or two or more sorts of 
things may be used for it. Specifically, it is desirable to use nickel, Co, Fe, Cu, aluminum, etc. 
Especially, since there is an advantage that composition is easy, if this is taken into 
consideration, it is more desirable [ to nickel it is comparatively cheap, and ] to use nickel for 
M2. 

[0018]The substitution rate of M2, i.e., the value of y in an empirical formula, is set to 0< y<0.3. 
In the case of y>=0.3, this is for an unreacted material to remain, and for crystallinity to fall or 
for the capacity per active material to decrease too much. For example, when using what is 
expressed with empirical formula LiMn 2 _ y nickel y 0 4 for the reason mentioned above, it is more 

desirable to be referred to as 0< y<0.2. In the case of y>=0.2, it is because an effect is seldom 
acquired although the capacity per active material falls. 

[0019]Similarly, LiMn 2 _ y M2 y 0 4 can roughly be divided and can be compounded with a solid 

phase technique and a liquid phase process. When based on a solid phase technique, it can 
compound by mixing Li raw material, a Mn material, and a raw material including the above M2 by 
dry type or a wet type, and calcinating at the temperature of about 700-900 ** in atmosphere, 
such as oxygen, nitrogen, and the atmosphere. For example, in compounding what is expressed 
with above empirical formula LiMn 2 _ y nickel y 0 4 . What mixed LiOH, nickel(OH) 2 , and Mn0 2 to 

Li:nickel:Mn=1:y: (2-y) is compoundable by calcinating at 800 ** for 12 hours among oxygen 
environment. 

[0020]<Mixing with LiNi^MI x 0 2 and LiMn 2 _ y M2 y 0 4 > LiNi 1 _ x M1 x 0 2 and LiMn 2 _ y M2 y 0 4 are 

used as a granular thing. What is necessary is just to classify after grinding what was 
compounded with the described method even in the thing of a predetermined particle size using 
devices, such as a ball mill. The positive active material of this invention has the feature in 
mixing and using LiNi^MI x 0 2 and LiMn 2 _ y M2 y 0 4 . The mixing should just perform the thing 

after grinding and classification so that it may become uniform with devices, such as a mixer and 
a V shaped rotary mixer. Mixing is possible also by carrying out grinding classification of both 
simultaneously. The mixing can adopt a wet type and any dry-type method. If the possibility of 
decomposition of LiNi l _ x M1 x 0 2 is taken into consideration, it is desirable to carry out by dry 

type. 

[0021]As for the mixture ratio of LiNi 1 _ x M1 x 0 2 and LiMn 2 _ y M2 y 0 4 , when both sum total is 

made into 100wt%, it is desirable for LiNi^MI x 0 2 to use less than more than 10wt%80wt%. 

When LiNi l _ x M1 x 0 2 will be less than [ 10wt% ], the service capacity of the lithium secondary 

battery to constitute is small, and a cycle characteristic will become bad. Conversely, in 
exceeding 80wt%, the safety of the rechargeable battery which the cost of the active material 
itself becomes high too much, and is constituted is also inferior with some. Therefore, what is 
necessary is just to determine both mixture ratio according to a price, performance, etc. for 
which that of the lithium secondary battery which it is going to produce is asked. When the 
balance of a price and performances (service capacity, a cycle characteristic, safety, etc.) makes 
an at best more practical lithium secondary battery constitute, it is more desirable for LiNi 1 _ x M1 

x 0 2 to use less than more than 20wt%50wt%. 

[0022]<Lithium secondary battery of this invention using the above-mentioned positive active 
material> Main composition is explained below about the embodiment of the lithium secondary 
battery of this invention used for the above-mentioned positive active material. Generally a 
lithium secondary battery comprises nonaqueous electrolyte to which a lithium ion is moved in 
between the separator fastened in a lithium ion between occlusion, the anode to emit and a 
negative electrode, and this anode and negative electrode, and anodes and negative electrodes. 
In order that the rechargeable battery of this embodiment may also follow this composition, 
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suppose that the following explanation is given about each of these components. 

[0023]The positive active material which mixed the above-mentioned LiNi 1 _ x M1 x 0 2 and LiMn 2 _ 

y M2 y 0 4 for the lithium ion to occlusion and the positive active material which can be emitted is 

used for an anode, mixing a conducting material and a binder to this, and accepting necessity — 
a suitable solvent (carrier fluid) — in addition, what was used as paste state anode laminated 
wood is applied to collector surfaces, such as a product made from aluminium foil, and it dries, 
and forms by raising active material density with a press after that. Pressing of the above- 
mentioned anode laminated wood is carried out, and what was made into the pellet type is stuck 
to charge collector networks, such as stainless steel, by pressure, and may be formed. 
[0024]The conducting material used for an anode is for securing the electrical conductivity of a 
positive active material layer, and what mixed one sort of carbon substance powdery parts, such 
as carbon black, acetylene black, and black lead, or two sorts or more can be used for it The 
binder can play the role which ties an active material particle, and thermoplastics, such as 
fluorine-containing resin, such as polytetrafluoroethylene, polyvinylidene fluoride, and 
fluorocarbon rubber, polypropylene, and polyethylene, can be used for it. Organic solvents, such 
as N-methyl pyrrolidone, can be used as a solvent which distributes these active materials, a 
conducting material, and a binder. 

[0025]The negative electrode in this embodiment sticks by pressure what made the sheet 
shaped metal lithium which is negative electrode active material, or made it the sheet shaped like 
it of a common cell to charge collector networks, such as nickel and stainless steel, and forms it. 
It can replace with negative electrode active material at metal lithium, and a lithium alloy or a 
lithium compound can also be used. Occlusion and the carbon substance which can be emitted 
can be used for negative electrode active material for a lithium ion, and a negative electrode can 
also be made to constitute as another mode of a negative electrode. Powdery parts, such as 
organic compound baking bodies, such as black lead natural or artificial as a carbon substance 
which can be used, and phenol resin, and corks, are mentioned. In this case, a binder is mixed to 
negative electrode active material, spreading desiccation can be carried out on the surface of foil 
charge collectors, such as a product made from copper foil, and what added the suitable solvent 
and was used as paste state negative-electrode laminated wood can also be formed. When a 
carbon substance is used as negative electrode active material, like an anode, fluorine-containing 
resin, such as polyvinylidene fluoride, etc. can be used as a negative-electrode binder, and 
organic solvents, such as N-methyl pyrrolidone, can be used as a solvent. 

[0026]It can hold an electrolysis solution, and can pass ion, the separator fastened between an 
anode and a negative electrode isolating an anode and a negative electrode, and thin fine porous 
membrane, such as polyethylene and polypropylene, can be used for it. Nonaqueous electrolyte 
dissolved the electrolyte in the organic solvent, and as an organic solvent, An aprotic organic 
solvent, for example, ethylene carbonate, propylene carbonate, One sort or these two sorts or 
more of mixed liquor, such as dimethyl carbonate, diethyl carbonate, gamma butyrolactone, 
acetonitrile, dimethoxyethane, a tetrahydrofuran, dioxolane, and a methylene chloride, can be 
used. As an electrolyte in which it is made to dissolve, Lil which produces a lithium ion, LiCI0 4 , 

LiAsFg, LiBF 4 , LiPF g , etc. can be used by making it dissolve. It can replace with nonaqueous 

electrolyte and a solid electrolyte etc. can also be used. 

[0027]The shape can be made into various things, such as a coin type, a lamination type, and 
cylindrical, although it is a lithium secondary battery of this embodiment which comprises the 
above thing. Even if it is a case where which shape is taken, as a separator is made to fasten to 
an anode and a negative electrode, and it is considered as an electrode body and made to flow 
through the between to the positive pole terminal and negative pole terminal which pass outside 
from an anode and a negative electrode, respectively, this electrode body is sealed to a cell case 
with nonaqueous electrolyte, and a cell is completed. The embodiment of the lithium secondary 
battery mentioned above is only an example, and may be made to already constitute except for 
the above-mentioned positive active material using a publicly known component. 
[0028] 
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[Example][Evaluation of a cycle characteristic] Based on the above-mentioned embodiment, the 
lithium secondary battery of this invention which uses the positive active material of this 
invention which mixes LiNi^MI x 0 2 and LiMn 2-y M2 y 0 4 was produced as an example. The 

lithium secondary battery which consists only of LiNi t _ x M1 x 0 2 and which carried out positive- 
active-material use, and the lithium secondary battery which consist only of LiMn 2 _ y M2 y 0 4 and 

which carried out positive-active-material use were produced as a comparative example. And 
these rechargeable battery ****** and a charge-and-discharge cycle test were carried out, and 
it checked that the lithium secondary battery of this invention using the positive active material 
of this invention was satisfactory practical. 

[0029]<Lithium secondary battery of Example 1> The rechargeable battery of this example is an 
18650 type lithium secondary battery which mixed and used LiNi og Co 0 15 aluminum 005 O 2 and 

LiMn 1 9 nickel Q ^0 4 for positive active material. Rule arrayed layer-like halite structure 

LiNi 0 8 Co 0 15 aluminum 005 O 2 which constitutes positive active material, With the liquid phase 

process hung up by the above-mentioned embodiment, the precursor of Li, nickel, Co, and 
aluminum mixed at a predetermined rate was made to coprecipitate, and powder compacting of 
the mixture was carried out, and among 100% oxygen environment, at 800 **, it calcinated for 12 
hours and compounded. Spinel structure LiMn 1 9 nickel 01 O 4 which is another structure material, 

By the solid phase technique explained by the above-mentioned embodiment, grinding mixing of 
Li 2 C0 3 , Mn0 2 , and the nickel(OH) 2 was carried out with the ball mill, and among 100% oxygen 

environment, at 930 **, it calcinated for 1 2 hours and compounded. It mixed so that the weight 
ratio of LiNi og Co 0 15 aluminum 005 O 2 and LiMn 1 Q nickel 0 t 0 4 might be 20wt% and 80wt%, 

respectively, and these two lithium multiple oxides were used as positive active material. Mixing 
was performed by dry type using the mixer. 

[0030]An anode mixes the polyvinylidene fluoride (PVDF) as the carbon and the binder as a 
conducting material to the above-mentioned positive active material, obtaining paste state anode 
laminated wood, using N-methyl-2-pyrrolidone (NMP) as a solvent (carrier fluid), and carrying 
out coating of this anode laminated wood to the surface of the Al foil charge collector of 20- 
micrometer thickness — sheet shaped thing production — it carried out. The mixture ratio of 
each substance in anode laminated wood is a weight ratio, and was set to active 
materiakconducting materiakbinder =90:7:9. The size of the sheet shaped anode was 54 mm in 
width, and 500 mm in length. 

[0031]The negative electrode was produced using the graphitization mesophase microsphere 
(MCMB) which is an artificial graphite to the active material. PVDF was mixed as a binder to this 
MCMB, NMP was added as a solvent, paste state negative-electrode laminated wood was 
obtained, coating of this negative-electrode laminated wood was carried out to the surface of 
the Cu foil charge collector of 1 0-micrometer thickness, and the sheet shaped negative 
electrode was produced. The mixture ratio of negative electrode active material and a binder is a 
weight ratio, and was set to active materiahbinder =95:5. The size of the sheet shaped negative 
electrode was 56 mm in width, and 520 mm in length. 

[0032]The sheet shaped anode and negative electrode which were produced in this way were 
wound around rolled form via the separator which consists of a film made from porous 
polyethylene, and the electrode body was made to form. This electrode body was inserted in the 
battery can, and nonaqueous electrolyte was poured in into the battery can, it impregnated with 
the electrode body, the battery can was sealed, and attachment of a lithium secondary battery 
was made to complete. Aging was presented with the cell for one week after the end of 
attachment, and the lithium secondary battery was completed. What dissolved LiPFg which is an 

electrolyte by the concentration of 1M in the mixed solvent which mixed ethylene carbonate and 
diethyl carbonate to 1:1 by the volume ratio was used for nonaqueous electrolyte. 
[0033]<Lithium secondary battery of the comparative example 1 and the comparative example 2> 
The lithium secondary battery which changed only positive active material was produced to the 
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rechargeable battery of the above-mentioned Example 1 . With the rechargeable battery of the 
comparative example 1, LiNi Q8 Co 0 15 aluminum 005 O 2 was independently used for positive active 
material, and LiMn 1 9 nickel Q ^0 4 was used for it with the rechargeable battery of the comparative 

example 2. What was compounded by the same method as the case of Example 1 was used for 
these lithium multiple oxides. The rechargeable battery of the comparative example 1 and the 
comparative example 2 made other component and a manufacturing method for the same the 
same thing as the rechargeable battery of Example 1 except for positive active material. 
[G034]<Charge-and-discharge cycle test> The conditioning was first presented with the 
rechargeable battery of the above-mentioned example and the comparative example 1, and the 
comparative example 2. Constant current charge of the conditioning was carried out to the cell 
voltage 4.1V on condition of current density 2 of 0.25mA/cm f and it performed carrying out 

constant current discharge on condition of current density 0.25 mA/cm 2 to the cell voltage 3.0V 
after that by repeating 10 times. 

[0035]Under the temperature of 60 ** expected to be the maximum of the actual use 
temperature of a cell to the each second cell that made the conditioning complete, Constant 
current charge was carried out on condition of current density 1 mA/cm 2 to the cell voltage 
4.2V, and the charge-and-discharge cycle test which makes it one cycle to carry out constant 
current discharge on condition of current density 1 mA/cm 2 to the cell voltage 3.0V after that 
was done. And the thing service capacity in each cycle was measured about each rechargeable 
battery. The capacity maintenance rate (service capacity of the service capacity / 1 cycle eye 
of each cycle) in each cycle searched for from the result of this charge-and-discharge cycle 
test is shown in drawing 1 . 

[0036]<Evaluation> LiNi 0 8 Co 0 15 aluminum 005 O 2 so that drawing 1 may show 20wt%, The 

rechargeable battery of Example 1 using the positive active material of this invention mixed at 
80wt% of a rate LiMn 1 g nickel 0 A 0 4 , LiMn 1 g nickel 0 t 0 4 is understood that the cycle characteristic 

is improved considerably as compared with the rechargeable battery of the comparative example 
2 used independently. The rechargeable battery of the comparative example 1 which used 
LiNi 0 8 Co 0 15 aluminum 005 O 2 independently shows the capacity maintenance rate with a high 150 

cycle eye as expected. Although the rechargeable battery of Example 1 cannot be maintaining as 
high capacity as the rechargeable battery of the comparative example 1, if the cost of positive 
active material is compared, it serves as a satisfying value. 
It is what maintained balance in the cost aspect and the performance side. 
Therefore, when a large-sized lithium secondary battery is considered, it can be said that it is 
the positive active material which was excellent in cost performance so to speak. 
[0037]Although the rechargeable battery of the comparative example 1 shows the capacity 
maintenance rate higher than the rechargeable battery of Example 1 at the beginning, a 
maintenance factor becomes low rapidly as a cycle is piled up after that. And it will reverse per 
250 cycle eye and a capacity maintenance rate with the more expensive rechargeable battery of 
Example 1 will be shown after that. From this, it can check that it is the rechargeable battery 
excellent in the rechargeable battery of Example 1 with which the effect that LiMn t g nickel 01 O 4 

was mixed is demonstrated, without the case where long-term use is pondered. 
[0038]Although not hung up over above-mentioned drawing 1 t each of rechargeable batteries 
which used LiNi0 2 as positive active material independently, and rechargeable batteries which 

used LiMn0 4 as positive active material independently serves as an inferior cycle characteristic. 

Therefore, replacing nickel site of each lithium multiple oxide and a Mn site, and attaining 
stabilization of ********** can check that it is required in order to acquire a good cycle 
characteristic. 

[0039]Incidentally, the rechargeable battery of Example 1 was 123 mAh/g in initial service 
capacity per positive-active-material unit weight (service capacity of 1 cycle eye). The initial 
service capacity at the time of using LiNi 08 Co 0 i5aluminum 005 O 2 independently is about 180 
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mAh/g, and the initial service capacity at the time of using LiMn 1 g nickel 0 ^O^ independently is 
about 90 mAh/g. Therefore, the service capacity of the rechargeable battery of Example 1 
should be expected to be 180x0.2+90x0.8=108 mAh/g if the mixture ratio is multiplied simply. 
However, the surveyed initial service capacity was large with 123 mAh/g like the above. Li which 
will not contribute to a cell reaction at the retention reaction of LiNi 08 Co 0 15 aluminum 005 O 2 if it 

is usual this, It is thought that it is because an intercalation is carried out to LiMn 1 9 nickel 0 ^0 4 

in the form which contributes to a cell reaction reversibly. From this, it can check that the 
positive active material of this invention with which stratified halite structure lithium nickel 
complex oxide and a Spinel structure lithium manganese multiple oxide were mixed is what also 
demonstrates the effect of easing the retention reaction resulting from an anode. 
[0040]The stratified halite structure lithium nickel complex oxide (LiNi l _ x M1 x 0 2 ) which replaced 

nickel site by other elements and attained stabilization of the crystal structure when 
synthesizing the above-mentioned result, The positive active material of this invention which 
mixed the Spinel structure lithium manganic acid ghost (LiMn 2 _ y M2 y 0 4 ) which replaced the Mn 

site by other elements and attained stabilization of the crystal structure, It can check that it is 
the positive active material which can constitute the practical lithium secondary battery which 
was able to balance a price and performance. 

[Evaluation about the mixing ratio of two lithium multiple oxides] Various positive active material 
which is the positive active material of this invention and made the mixing ratio of LiNi^MI x 0 2 

and LiMn 2 _yM2 y 0 4 change is used, As an example other than the above-mentioned example, the 

rechargeable battery of this invention was produced, it is doing a charge-and-discharge cycle 
test, and such performances were evaluated. 

[0041]<Lithium secondary battery of Example 2> In production of a rechargeable battery, first, 
stratified — halite structure L'Ni 08 Co 0 15 aluminum 005 O 2 and Spinel structure LiMn 1 9 nickel 01 O 4 , 

Three sorts of positive active material mixed to 20wt%:80wt%, 35wt%:65wt%, and 50wt%:50wt%, 
respectively were adjusted. LiNi 0 8 Co 0 15 aluminum 005 O 2 and LiMn 1 g nickel 01 O 4 is the same as 

what was used in the case of the above-mentioned Example 1 . 

[0042]Three kinds of sheet shaped anodes were produced by the same method as the case of 
Example 1 using these three sorts of positive active material. What mixed MCMB and corks 
(MBC) which were used in above-mentioned Example 1 so that it might be set to 
MCMB:MBC=7:3 by a weight ratio was used for the negative electrode made to counter this 
anode as negative electrode active material. And the sheet shaped negative electrode was 
produced by the same method as the case of Example 1 using this negative electrode active 
material. Three kinds of each anode and negative electrode were combined, and three kinds of 
rechargeable batteries of the same composition were produced by the same method as the case 
of Example 1. The rechargeable battery using the positive active material which mixed 
LiNi 0 8 Co 0 15 aluminum 0 05 O 2 so that it might become 20wt% And the rechargeable battery of 

Example 2-1, The thing the thing it was made to be 35wt% was made to be a rechargeable 
battery of Example 2-1 and 50wt% was used as the rechargeable battery of Example 2-3. 
[0043]<Charge-and-discharge cycle test> By the same method as the case of Example 1, after 
performing a conditioning, the charge-and-discharge cycle test was presented with each 
rechargeable battery of Example 2-1 to 2-3. The conditions of a charge-and-discharge cycle 
test make it one cycle to carry out constant current charge on condition of current density 1 
mA/ cm 2 , and to carry out constant current discharge on condition of current density 1 mA/cm 2 
to the cell voltage 3.0V after that to the cell voltage 4.1V, under the temperature of 60 **. The 
initial service capacity per positive-active-material unit weight and the capacity maintenance 
rate after 100 cycles which were searched for from the result of the above-mentioned charge- 
and-discharge cycle test are shown in drawing 2 . 

[0044]<evaluation> — drawing 2 shows — as — LiNi o8 Co O 15 aluminum 0 05°2 — 20wt% - 50wt% 
in the mixed range, it can check that the initial service capacity of a rechargeable battery 



http://www4.ipdl.inpit.go jp/cgi-bin/tran^web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/09/26 



JP,2000-251892,A [DETAILED DESCRIPTION] 9/9 i> 



becomes large by enlarging the rate of the mixing. It is the result of expressing well the 
advantage of stratified halite structure lithium nickel complex oxide. If there is no cost idea of 
positive active material, it is desirable to mix many lithium nickel complex oxide. However, if too 
large, since the cost of positive active material will also increase considerably, in a large-sized 
rechargeable battery, it becomes lacking in practicality. 

[0045]if it sees about a capacity maintenance rate — LiNi 08 Co 0 15 aluminum 005 O 2 — 20wt% - 

50wt% — in the mixed range. The capacity maintenance rate after 100 cycles serves as a value 
exceeding 80%, and any rechargeable battery of Example 2-1 to 2-3 can be satisfied practical. 
The stratified halite structure lithium nickel complex oxide (LiNi t _ x M1 x 0 2 ) which replaced nickel 

site by other elements and attained stabilization of the crystal structure when synthesizing 
these results, In the positive active material of this invention which mixed the Spinel structure 
lithium manganic acid ghost (LiMn 2 _ y M2 y 0 4 ) which replaced the Mn site by other elements and 

attained stabilization of the crystal structure. The thing of the range whose mixing ratio of 
lithium nickel complex oxide is 20wt% - 50wt% can check that the practical lithium secondary 
battery which the balance of service capacity, a cycle characteristic, and a price was able to 
take can be constituted. 
[0046] 

[Effect of the Invention]The positive active material for lithium secondary batteries of this 
invention nickel site, Other elements replace a Mn site, respectively. The stratified halite 
structure lithium nickel complex oxide (LiNi^MI x 0 2 ) and the Spinel structure lithium manganic 
acid ghost (LiMn 2 _ y M2 y 0 4 ) aiming at stabilization of the crystal structure, etc. are mixed and 

constituted. With constituting in this way, the positive active material for lithium secondary 
batteries of this invention has practical service capacity and a good cycle characteristic, and 
turns into positive active material which is excellent in safety and can constitute a cheap lithium 
secondary battery. Therefore, the lithium secondary battery of this invention using this positive 
active material has practical service capacity and a good cycle characteristic, and it excels in 
safety and it will become cheap. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ Drawing 1 ]The rechargeable battery using the positive active material of this invention which 
mixed LiNi 1 _ x M1 x O £ and LiMn 2 _ y M2 y 0 4 , A cycle characteristic with the rechargeable battery 
which used LiNi l _ x M1 x 0 2 and LiMn 2 _ y M2 y 0 4 independently, respectively is shown. 
[Drawing 2] In the positive active material of this invention, change of the performance (initial 
service capacity and capacity maintenance rate) of a rechargeable battery to changing the 
mixing ratio of LiNi^MI x 0 2 is shown. 



[Translation done.] 
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40 Offcotti^. 

[0 0 24] JEtt fcfli^SSWtttt. iESifffeSHcDm 

aXf42S£t±4-S^UfctOSrfflV^5rt^T'#5. 
50 I4, N-^f/ufn!) KvWMI?:ffil^:i*i 



(5) 

7 

t?# 5. 

[002 5) #Hife^«g-Ctf>A&l4, 
(CUT, foSWiv'- h#cl-Ufctro^--y^^, *x 

Kt&iy^Auift;*:, y t-p-mi: 

[0 0 2 6J ]EffikAtt©WIC««**tS-fe/<V — * 
»4, JEttfcAffii:«:IIWlUoo««F«S:fiy*UT-f*^ 20 
iKPxfvy, sKyyntu 

«ft?frtLTf4, »<WS-fr5CfcKJ:9 30 
&£C3L i I, L i C 1 Oi > LiAsFiv L i BF 
LiPF,^flV>5ii4Stl5. &*5#*®fl?i£ 

[0027] &±©t>©a»fe*J*.*.n53Miife»tt0> y 
U ]Ett:l3J:tJ«**i»&*9Hc 

[0 0 2 8] 

l^T, LiNih Ml. OiHiMnn M2, O4 5:^-8- 

^-ftmi&z. gmwk vximLito £f>ic, lin 
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fciUSL iMn^ M2, O, <D^*»t>/«C5Effi 
SfeffffifflLfcy^? A tfctiE0!l£ LTfEK 

[0029] <^JS0U 1 z> y f^Aijfcii) *nis0a 

©~#:«;?l!ll4, jEffifS&SfcL i N iii Coi« A 1 

0. 5 OiHiMnu Nil, O4 t LT .18^ fc 1 

8 6 5 owld i-v j*-&mmx-hz>. iEm%vonzmj8. 
irzm\s.nmik%i£m&L iNi» c o.., 5 a i 

OfJ^-T-S^-LfeL i , Ni, Co, A 1 ©fiJ^ttSr* 

ifc$-i±, *roiS-£-fe£ffit&L, 1 0 o%mm&®9x<P. 

SOO'Cm^MLT^Lfc. \>0— o 

f^/U«itL i Mn... N im 
14, ±E**»IB-eRWUfc§aft85k:J:9» LiiC 

01, MnOj, Ni (OH) , /U^MzX 
jg-g-L, lOOyoKifi^, 9 3 0tfl2lBf« 

i N in Cons A 1 0.05 Oi t L i Mni.9 N in O 

4 ©SStUS-tft-e*^ 0 w t % i: 8 0 w t %fc ft 5 <fc 

5 ICS^LT JESSES t Lfc. ft*J»*l±, 5**- 

[0030] £«I4, ±IBI«SfeKlc^mtti: Ltro 
LTOtfy 7y£^yfy (PV 
DF) fciS-g-U N-/f/V-2-fn!) FV (NM 
P) itm i LTffl^T-?-* h#<7>]Eli£- 

r ff>jEm&tt& 2 0^ m|©A 1 ?g*S#tf>* 

tt5«-4Mt<&S*JtH\ SSIf?, S#3K : : *§ 

mn= 9 0 : 7 : 9 h Lfc„ ft*S, v-- h^jE^roA 
# $ f4i|S 5 4 mm, g£ 5 0 Ommt Lfc„ 
[0 0 3 1] AHI4, S*fltAifim»T*>SI!HBfl;^ 

y?i- X/Jn^ (mcmb) SrfflvNTf^$4Lito 

MCMB^»^Jt LTPVDF5rS^U, ^SJi LT 

tt(4, aSltT?, : fc»ffl= 95 : 5tLfc. <t 

*3, i/-htt©A^roA«*<*l±<§5 6mm, ft$5 2 0 
mm i: L-fc 0 

[0 0 3 2] ^©4 5IC^tfc->-h^(DESfcJ;Ut 



(6) 
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f-ivii-it*- h t £ft«tt;T- 1 : 1 |Cig£L/cig£& 
DSfT-fcSL i PF.£lM©}gg-?&<S?£-e: 
fcfc©£ffl</^c. 

[0 0 3 3] (it$imi&£Vlt%im2<7>}) 1 ?-tJ*-fr 

mm) ±.mmmmi<n-&.mmz%Lx. iEim®v.<D 

f±, Jt&#J 1 (0-&.mt&X*te L i N in Co o..s A 1 
a« 0 2 %^J4-CfflV>, tfctfc#J 2 ©"&«;&-? liL iM 

&**«g«s) i © - fcwti fc hhh© t©at. 

[0 0 34] (fcartt-frW * /H*f*> JiEJUtfltt <fc XT 

ttmm i > ifcts^j 2 © sr*r => -> a =• > 
yizm^rz. =*>?4*sa=i>yti> a*mff4. iv 

* -CSiftSfeg 0. 2 5 m A/ c m* ©asffc-CJgflEiE* « 
L, -?:©&€?ft«E3. OV^-em^^O. 2 5mA 
/c m J ro^#T*S«^«cm-t--5r tSr, 1 Olsl^'Jjg 
t: k\c£-oX'ff<otz. 20 
[0 0 3 5] ^xV^a^V^fc^T^fc^ftl; 

<DmMT. 2VtflMSlmA/cm 
' U *©&«?&«£ 3. 0V4T 

1 mA/ c m 2 W^#T^m^SfeS1-5 £ k £ 

[0 0 3 6] <Wffi) 01^fe^J5J; L i N i 

o.» Coois A l o.« O 2 £r2 0wt%, LiMnu N 

io,. O4 5:8 Ow t%©fiI^-Cig^$*fc*^^©iES 
JS**«rfflv^*J6Wion*«»M:, LiMn,.> N 

in 0 < **tt"CfflV^fclttt«2©-»C*«ltJtttU 

fc, LiNiu Cons AIob O* SrlM&Tffl^fclt 
ttffl 1 © ~ jfcSf&Wu fSt'tJDisot-f^/UST 
ttHSV^afS^Sr^LTVS. Ulttfl 1 40 

*>©©, ]E*g*Ko = ^ b*Jt«i-*ttf»JS©v^<M 
k4ot*9. ="*hffis &^ffi-<V<7i'*©i*ijtfc 

©t^oTt^. Lfcas-oT. ^s©y ^^A-^a* 
[0037] jtttM 1 <o-^mmt, 

1 ©- Wtift X 0 ffiv ^«li**«r* LTV*4 h ©©, 

5„ tLT, 2 5 0f-W^/Ugfofcf9T-iS»fet, 50 
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tt» ^ife^Ji©-i!>:fl;?fe©is?ii 5 «v^i:«i^^^i- 

K45„ iOlt^ *»ttffi*%*L-fc»e\ 
|C|i s LiMn,.. Ni,.i O, 4xfc8l&#$S# 
£ft3!Hfe0y 1 ©-&m&#fe*x*:-&S?feT*fc5 n t 

[0 0 3 8] ftio, ±IE@ 1 iCfiglf TfcV\4*, L i N 

1 Ot*HMtt-e]E«»*Kfc Lfcr&m^ *3<fctfL i 

MnOtZ^texiEmmtomk Lit-^nMft. 

©yfl^Al^fttO, N i 1M K Mnif'T h Srfi 
8ft«JtO©S»k«:H5wttt» &#ftlM 

[0039] *>&*-ie, HJfe0«j 1 ©-fcm&ii, JESS 
t) <DWM&n®A <HM"*/H©ifc 
®&4) *5i 2 3mAh/g})ot LiNiu Co 

fil8 0mAh/gti)!), LiMn... N i 0.1 O. 5: 
*?fi-efflV^fc^©lD^iSScm^*l4i^ 9 0 mAh/ g -C 
Lfc#ot> Hfe0il 1 ©~i^m?&©iS:*^*(i, 

**et-jl-g-JfcSr»»t^t>*ntf , 180X0. 2+90 
X0. 8=1 0 8mAh/gt^,ji4tL5l4T-C*fo5. 

mmztiiz®Mtstw&&t. ±E©rt< 1 

2 3mAh/gt^<)ioTV>fc. rlltt, ii^t?fc 
MIL i N i ..1 Coo.,5 A lo.« Ch © U f- a 

jST-i;?feKf?;i-« : 4-L4< 45 l i ^rattteWftR 

J^tC^i-S^T'L i Mn,.o Ni.., O.lC-l'V^ — * 

mx&&.m&» rv^-vt-frm&mtvskxv* 

[0 0 4 0] ±EtS**tt-fr-ttttf » f&TC^-CN i 
X^A^-y-r^lS^^L^) (Li Ni-, MLO,) k, 

fc^f^/nmsy^^AT^^BMb* (LiMn h 

M2 t O<) kZ&&Ltt&W<DlEmi%Vo'g\*. ffl&k 

ternary 1 nfcUfflw* y ^-R*»sr« 
[ 2 o© y f- ^■Aii^BMkttca-fi'td^.cov^-coff 

ffi] *%BJ©IE^g^gT-feoTL i N i .-, Ml. Oi t 
L i Mnn M2, O, k <0&&&l'&&&S.£-£1tm.* <D~E 
<BS*Kfcfflv^T, JbE©*tt«tHt9]<0|g*«fcL 
T, *%PJ©r^l|?aSr^S!L, %imft4!n\''&&L* 
rr?ZkX\ C^t>©ttHg(co^Ti¥ffiL/c 0 

[0041] (^jfetni 2 © y x ^ j*-&mm -&n,fe 

©^(CfefcoT, *-f, i^StilLiNiu C 
00.15 A 1 0.0 sOii^t^ML iMni.! N i 0.1 
O.tS', ^jn^il 20wt%:80wt%. 35wt 
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% : 6 5w t%, 5 Ow t% : 5 0 w t %\Z.&& Ltz 3 
ttroiE@e^K4riiSLfc e L i N i 0.8 Coin A 1 
».« ChiSitfL i Mn,., Ni„ O* 14, ±IS^Jfe«S) 1 

[0042] ;:*i,fe3«<a:E&ft!83©£fflv\ HJi^ji 

kLX. ±!2SiS0!llT'^fflLfcMCMB 
(MB C) Sl:tbT-MCMB :MBC=7 : 3 t 

ft5J:?K&£LfcfcO£ffl^7c 0 ^ LTCtf>£@?£% 
Hl£CiiJiro#^t^w^c: < J:oT, >- 
h#wjM££f£g!Lfc 0 3a^^tt€^IE^tftS 

1 ^ria^fe-fr. mmw 1 t h«(d^t% mm 
(Dmj8.<»3mm<»-&.mmzftmLtz 0 *l-c, lin 

im C 00.15 AK« Oj £ 2 0 w t %2:ft3 X 0 £jR 
-^LfciESS^iH^fflv^-^m^i*, S^i&^J 2—1 (O 
n&m&i, sswiyoiftSislcLfctirofc. Jiifc 
#12- lron&S&i. 5 Ow t%fcft3£5K:Lfct> 
<d*U&M 2-3 Lfc„ 

[0 04 3] Ofc&ttlM * Attft) SWJ 1 <Dm& t 

mmnfimT. a -y?i:?fotz'&. mmm 

2 - 1 ~ 2 - 3 <T>^fr?hnz&mk*%wm&4 9* 

?&ST, ft?&«JE4. IVitMSlmA/cm' 

©^ffiSML. *<D'&mmmB. 3. ov$t-i 

iiiS&g lmA/cm' ro^#T'^«g£i!cl:-f-5 ^ t £ 1 

&¥kfrh*v>Tz, iEmm®>wm®.mthtz *> <»wmm> 

"to 

[0 044] (f¥ffi> E2^5>*J5J: L i N i 

o.. C o us A 1 0.05 Oi?r20wt %~ 5 0 w t 

# ?>„ s«^«it y f- <> j*- v **&&mm<Dm& 
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SL<ft5 0 

[004 5] mimnm\C^X^fHi. LiNi.. 
Cons AUos OsS:20wt%~50wt%^J 
-fr7t®fflTI4. 2-1-2-3 OV^-f iKD-frW, 

mh. 1 0 0-tH-^/^<D^*«l^^8 0%5r@x2> 
MiftoTtJt), llfflttKigSTtStrotftoT^ 

g& LT& B B B 1gj£<0$£ffc£ia o fcS^S^ig y f- * 
A-yp/v&GmftMl (LiNi,-, M1,0 : ) t , flfi5c 
10 iHT-MniM' hfctt*LT8**3&0>S£fl:«:Hofc* 
f-frA^tf^Bfltffe (LiMn„ M2, 

o«) t*&&Ltz*%W(DiEmmvonx'tt. 

- y ^^m^m{m<o&^m-^i>i 2 0 w t %~ 5 0 w t 

7^^<Dt tvfc^fflfrijft y ^ ? a -**»4:*i*-e t ?> 

[0 0 4 6] 

7^A4Kftft<blfe (LiNi,-, Ml, ir^f^/HS 
ify^A-v^tfygHfcfe (LiMnH M2,0,) i £ 

T\ *^?«roy^^Arj5:«?tfiffliE®SfeK»4, 

ii, *>o. ^«5fty^^A-^mm^*fifeT-t5ESe 

^roy^i>A-?fc«^|4, . £ffl«fc**S*i:Jit#fc 

30 cotftS. 

[EffiOffi*ftlftB^] 

[01] LiNi,-, Ml, OiiLiMn^ M2, t 

iNi,-, Ml. Ot, LiMnj-, M2 r O, 

[0 2] #£9iOiE®e^fCU:*5^T, LiNi,-, 
mi, 02 wS^#i-&*^sEi-5 r i 



(8) 
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(72)%9j# *M Sit F^-A(#%) 5H003 AA04 AA10 BB05 BC01 BDOO 

JfeO ltt^aaffl**5F^ffrt 5H014 AA02 AA06 EE10 HHOO HH01 

5H029 AJ05 AJ12 AK03 AL06 AL07 
AM03 AM04 AM05 AM07 DJ16 
HJ01 HJ02 



